Background. Acute Atrial Fibrillation (AF) is common in critically ill patients, with significant morbidity and mortality; however, its incidence and severity in Intensive Care Units (ICUs) from low-income countries are poorly studied. Additionally, impact of vasoactive drugs on its incidence and severity is still not understood. This study aimed to assess epidemiology and risk factors for acute new-onset AF in critically ill adult patients and the role of vasoactive drugs. Method. Cohort performed in seven general ICUs (including cardiac surgery) in three cities in Paraná State (southern Brazil) for 45 days. Patients were followed until hospital discharge. Results. Among 430 patients evaluated, the incidence of acute new-onset AF was 11.2%. Patients with AF had higher ICU and hospital mortality. Vasoactive drugs use (norepinephrine and dobutamine) was correlated with higher incidence of AF and higher mortality in patients with AF; vasopressin (though used in few patients) had no effect on development of AF. Conclusions. In general ICU patients, incidence of new-onset AF was 11.2% with a high impact on morbidity and mortality, particularly associated with the presence of Acute Renal Failure. The use of vasoactive drugs (norepinephrine and dobutamine) could lead to a higher incidence of new-onset AF-associated morbidity and mortality.
Background
In hospitalized patients, Atrial Fibrillation (AF) is the most common sustained arrhythmia [1, 2] , although in most cases this disorder is prior to admission [3] . On the other hand, the pathophysiology, impact, and importance of new-onset AF in the Intensive Care Unit (ICU) is still being investigated more recently [4] . It is known that sepsis and inflammatory process contribute to the development of AF [5] , but its multifactorial nature in the critical patient hinders a single explanation for its pathophysiology and consequences. However, it is known that the presence of AF during hospitalization increases morbidity and mortality and hospital costs [2, 6] , as well as the incidence of late complications such as heart failure and thromboembolic disorders [7] . Thus, knowledge of incidence and risk factors can lead to strategies that can prevent or reduce the risk of new-onset AF in critical patients. Commonly proposed events which can induce arrhythmia in the ICU include mechanical ventilation, vasoactive drugs, and the systemic inflammation and organ dysfunction [3, 8] .
Therefore, the objective of this study was to assess the epidemiological and clinical factors associated with the development of new-onset AF in critically ill patients and the role of vasoactive drugs in this context. 
Material and Methods
This was a cohort study which included all adult patients admitted between November 15 (2015) and January 31 (2016), to seven ICUs of six hospitals (four private, one public, and one philanthropic) in Paraná State, southern Brazil. All the patients admitted during this period were followed daily until being discharged from the hospital, and their data and events were recorded in a specific worksheet.
Inclusion Criteria. They were all patients admitted to the ICU, aged 18 years or over, during the stipulated period.
Exclusion Criteria. They were patients who died soon after admission to the ICU (less than 1 hour).
Definitions
(i) Acute new-onset AF: clinical diagnosis was made by the local assistant staff. Cases with diagnosis or suspicion of chronic AF were excluded. The criterion for diagnosing the arrhythmia was to only identify in the multiparametric monitor or through ECG the AF by the attending physician (the report by the nursing without testimony by the physician was not considered). Surveillance was done by local staff. There was no preestablished arrhythmia maintenance time; therefore, self-limited arrhythmias were considered (as long as identified by the medical team).
(ii) The diagnoses of Acute Respiratory Distress Syndrome (ARDS), sepsis, Acute Renal Failure (ARF), and other ICU diagnoses and comorbidities (e.g., COPD or CHF) were done according to previously established international criteria.
The decisions and strategies regarding the clinical management of patients, including use of respiratory strategies (mechanical ventilation, weaning, and tracheostomy), vasoactive drugs, fluid management, and antibiotic choice, were at the discretion of each local assistant staff. Decisions regarding the management of arrhythmia itself (with eventual attempts to electrical or chemical cardioversion) were also decided by the local assistant team, and the data regarding this management were not included in the study.
Statistics. We made descriptive statistics and comparison between percentages with chi-square test. Quantitative variables were compared with Student's t-test, Tukey's test, and variance analysis, with < 0.05 being considered significant.
Multivariate analysis by logistic regression was performed to identify two types of variables: (1) factors associated with a higher incidence of AF and (2) (in patients with AF) factors associated with higher mortality. An ROC curve was then constructed for each of the models. 
Results
A total of 430 patients were admitted in ICUs and included in this study. 59% of the patient population were male with mean age of 58.7 years. The mean Acute Physiology and Chronic Health Evaluation II (APACHE II) score was 17.2. Most of patients (85.1%) had at least one comorbidity (previous disease), with hypertension, obesity, and diabetes mellitus (DM) being the most frequent. Table 1 shows the clinical and epidemiological profile of the patients. The incidence of acute new-onset AF was 11.2%. There was a trend to higher admission APACHE II and more surgical elective patients in the AF group. The AF group had more complications, including ARF (with more dialysis needed), ARDS, pneumonia, and vasoactive drugs (VAD), and mechanical ventilation (MV) use. Likewise, the ICU and hospital mortality were higher in the AF group.
Among AF patients, main factors associated with mortality were the presence of complications (mainly ARF and pneumonia) (Table 2) , whereas, in the multivariate analysis, the only variable that remained associated with higher mortality was ARF.
However, the VAD use (mainly dobutamine and norepinephrine) was positively associated with higher incidence of AF and higher mortality in this group. Likewise, the higher the VAD dose, the higher the mortality risk. On the other hand, no link was found between vasopressin use and AF (Figures 1 and 2 ).
Logistic regression showed that, in the multivariate analysis evaluating the factors involved in the genesis (incidence) and severity (mortality) of acute AF of recent onset, only the presence of ARF was shown as a predictor of incidence and mortality (Table 3 and Figure 3 ).
Discussion
In this study (which included 430 surgical and trauma ICU patients) the overall incidence of new-onset AF was 11.2%. Although AF is described in 25% of ICU patients [9] , new-onset AF (excluding patients with chronic or previous intermittent AF) in the literature is around 7% [2, 9] . Our study included patients in the postoperative period of cardiac surgery, which could contribute to its higher incidence. However, the AF in non-cardiac surgery patients was also high (10.2%). In patients with trauma, the incidence was 5%, as previously described [10] . The presence of AF also had a higher impact on mortality in both trauma and nontrauma patients (50% and 25.58% in patients with and without AF, resp.).
In the current study, AF was more prevalent in males with age > 65 years as shown previously in both ICU patients and in the general population [2, 4, 11] . This was independent of etiology: in trauma patients, there was no incidence of AF in females. AF was also more frequent in severe patients. Although there were no statistically significant differences, the admission APACHE II was higher in patients with AF. Excluding cardiac surgery patients, APACHE score could predict AF ( = 0.044).
We could not find any correlation of comorbidity, smoking, or alcoholism with AF. The literature is controversial as to the relationship between comorbidities and the incidence of AF in critical patients with some studies showing positive correlation between cardiovascular diseases and AF in the ICU [12] with other studies (including the present study) finding no correlation with comorbidities, especially in patients with sepsis [2, 9, 13] .
The presence of AF had a strong correlation with the outcomes of patients in the ICU: MV length of time was higher, and the mortality (both in the ICU and in hospital) was higher in patients who had acute AF, as reported [2, 14] .
In the multivariate analysis, only the presence of ARF remained correlated with the incidence and severity (mortality) of AF.
It is often difficult to determine if the presence of AF is a consequence of severity in some patients, reflecting a greater systemic inflammatory process, greater number of organic dysfunctions, and cardiovascular overload. This may be suggested in the present study by the strong association between some complications (such as ARF, ARDS, and nosocomial pneumonia) and the incidence of AF in our study. It is well recognized that the presence and amount of organ dysfunction are strongly associated with the incidence of AF in both cardiac surgery [15] and septic [2] or general ICU patients [12] . Therefore, it is a universal complication common to ICU patients: either due to association with obvious cardiac conditions (such as in elderly, cardiopathies, and postoperative cardiac surgery patients) or in patients without previous factors but with high severity, intense inflammatory process, and multiple organ dysfunctions such as sepsis, postoperative, and trauma. The same difficulty of evaluation (causal association or marker of severity) could be said of the use of some procedures, such as pulmonary artery catheter. However, in the current study, no patient underwent this procedure.
Another possible mechanism to explain the effects of AF, which we explore in this study, is the use (and possible excess) of vasopressor drugs, particularly adrenergic drugs. In this study, an important factor in the incidence of AF was the use of vasoactive drugs, specifically the two most used in these hospitals during the period-norepinephrine and dobutamine (Figure 1 ). These drugs at higher dosages and longer use were associated with the incidence of AF, and their higher dosages and longer use were associated with increased mortality in AF group. Also, apart from being used as therapeutic strategy for hemodynamic instability after AF, their use before the incidence of AF was high and Critical Care Research and Practice 5 correlated with mortality in current study. It could, therefore, have implications in the genesis of the arrhythmia. The possible role of adrenergic drugs (dobutamine, dopamine, and norepinephrine) in the development of acute AF has been observed in situations as varied as stress-echocardiography [16] , postoperative cardiac surgery [17] , and trauma [18] . It is speculated that one of the mechanisms of genesis of AF could be an excess of catecholamines or an increased sensitivity to them [19] . Vasopressin could also trigger AF [20] , although it may have a lower ability to induce arrhythmias in critical patients [21, 22] . In our study, no patient in vasopressin use developed AF (Table 2 and Figure 1 ). It should be noted, however, that the present study was not designed to detect a possible effect of vasopressin or other vasoactive drugs on arrhythmia incidence, severity, or mortality. Therefore, this study has no statistical power to categorically state that the use of any specific type of vasopressor directly influences the genesis of acute AF-particularly since few patients used vasopressin. However, the data from this study may contribute to better understanding and management of the use of VAD and prevention of AF, since our results are similar to those of other studies [4, 11, 12] . However, when evaluating a critical patient, it is difficult to assess by cohort studies whether the use of vasoactive drugs induced AF or its use was concomitant or even secondary to arrhythmia (due to circulatory instability). In our study, we found that the use of catecholamines (norepinephrine and dobutamine) immediately prior to the AF was not only related to its incidence but also correlated to its severity (with respect to the hospital mortality). In addition, higher dose of these drugs was also correlated with mortality. No patient with vasopressin use (although its use was limited) developed AF. Therefore, this study detected a possible temporal association between the use of vasoactive adrenergic drugs (and their dosage) with the appearance and severity (mortality) of AF in critically ill patients and a possible protective role of vasopressin.
This study has some limitations, some of them inherent to its nature. Because it was an observational study, the impact of arrhythmia management and prevention strategies could not be evaluated. Also, some variables (such as the presence of obstructive sleep apnea or the type of trauma [thorax × nonthorax]) were not discriminated, due to the design of the study. In addition, a reasonable heterogeneity could arise in evaluation and management of patients, as it is a multicenter study. The diagnostic criterion for AF itself was based on clinical detection, which is known to have lower sensitivity than specific screening with 24-h Holter [11] . We also did not evaluate the correlation between the myocardial function/ejection fraction and the incidence or severity of the arrhythmia, since only a few centers performed an echocardiogram in these patients. However, the objective of the study was precisely a real-life assessment of different ICUs (teaching and nonteaching) and different types of patients. Anyway, this study highlights the frequency of this arrhythmia in general ICUs, and the authors emphasize the importance for eventual supplementary functional cardiac assessment in this subgroup of patients.
Conclusions
In a heterogeneous group of adult ICU patients, incidence of new-onset AF was 11.2% with a high impact on morbidity and mortality, particularly associated with the presence of Acute Renal Failure. We found that the use of vasoactive (adrenergic) drugs, especially norepinephrine and dobutamine, was correlated to higher incidence and severity of acute AF, whereas vasopressin (although used in few patients) had no effect on development of AF.
